Acetate, cacodylate, phosphate and imidazole are well known as the bifunctional acid and base catalysts. Catalysis of these bifunctional catalysts depends on the structure of the reaction substrates. For example, in nucleophilic substitution reaction at the carbonyl carbon, imidazole has been found to be 100-4000 fold as reactive as phosphate dianion, 1 whereas imidazole and phosphate dianion or imidazolium and phosphate monoion exhibit nearly equal effect in the general acid or general base catalysis in nucleophilic substitution reactions of imine derivatives. 2, 3 However, there are little reports on the catalysis of acid and base bifunctional catalysts for the hydrolysis of amides.
So, we have performed the hydrolysis of N-benzoyl-4(5)-methylimidazole (1) and N-toluoyl-4(5)-methylimidazole
(2) to compare with the structure of substrate and the catalytic effects of bifunctional acid and base catalysts.
Experimental Section
Materials. All materials used for synthesis of the substrates were purchased from Aldrich or Tokyo Kasei. All organic solvents were purified by the known method. 4 Deionized water were distilled using a Streem Glass Still and kept under a nitrogen atmosphere. Buffer materials for kinetic studies were analytical reagent grade.
N-benzoyl-4(5)-methylimidazole (1) was prepared by dissolving 10 mmol of 4(5)-methylimidazole in methylene chloride with cooling and slowly adding 10 mmol of 2-benzoyl chloride dissolving in methylene chloride in the presence of triethylamine as a catalyst. The reaction mixture was generally refluxed with stirring for 3 days. After the mixture was cooled and filtered, the filtrate was washed with water several times and separated the organic layer. The organic layer was dried over sodium sulfate and the solvent removed by rotary evaporation. The crude product was dried under vacuum condition and recrystallized from etherhexane mixture (white, mp. (6.6-8.6 ), tris (7.0-9.0) and carbonate (9.6-10.5).
The hydrolysis reactions are catalyzed by buffer. Therefore, rate constants were obtained by extrapolation to zero buffer concentration. The catalytic rate constants were obtained from plots of kobs versus concentration of catalyst. pH values of reaction mixtures were measured at 25 o C with a DP-215M Dong-Woo meter.
Results and Discussion
The hydrolysis reactions of (1) and (2) The pH rate profiles for the hydrolysis reactions of substrate (1) and (2) are presented in Figure 1 . These profiles are similar in shape to those for hydrolysis of corresponding N-acylimidazoles. 5, 6 There are three distinct regions corresponding to the hydroxide ion catalyzed reactions above pH 8.0, the hydronium ion catalyzed reaction between pH 7.5 and pH 4.0 and below pH 4.0, the pH independent reaction by the protonated species of the substrate. Therefore, the overall reactions should be described as following each pH regions, where S and P stand for the substrate and the product. 
and ko are the rate constants for water catalyzed reaction of the protonated species (SH + ) and that of the neutral substrate (S), k OH is the catalytic rate constant of hydroxide ion and K a is the dissociation constant of the conjugate acid of the substrate. The rate constants for hydrolysis reactions of the substrate (1) and (2) are listed in Table 1 . The catalytic rate constants for the hydrolysis of Nbenzoyl-4(5)-methylimidazole (1) are larger than those of Ntoluoyl-4(5)-methylimidazole (2). These results mean that the electron donating substituent in the acyl group should be affected the catalytic rate constant, that is, the electron density on carbon atom of carbonyl moiety should be increased by the -CH 3 group. Then, the rate constants of the substrate (2) are less than those of the substrate (1).
One can see the bent portion at low pH in the pH-rate profile of Figure 1 . This indicates that pKa value of the conjugate acid of the substrate is around this pH region. We can estimate that the pKa values of the substrate (1) and (2) are 4.7 and 4.5 by drawing a pH-rate profile though not accurate. Thus, the k H value of the substrate (1) is relatively larger than that of the substrate (2). And also k 1 values of the substrate (1) and (2) show similar tendency because of
The catalytic rate constants for catalysis of bifunctional acid-base catalysts in the hydrolysis of substrate (1) and (2) are listed in Table 2 .
As one can see in Figure 2 and Figure 4 , the most effective catalyst is cacodylate while other catalysts are not nearly as effective although they contain equal concentrations of catalysts. To make sure how the bifunctional catalyst, cacodylate, operates in this reaction, we have investigated − the effect on concentration of cacodylate buffer. As one can see from Figure 3 and Figure 5 , when the concentration of free base of cacodylate buffer to total buffer concentration, that is, [base]/[buffer]T is 0.3 M, the catalytic rate constant shows the maximum value. It is very difficult to explain the reason for this maximum phenomenon because the catalytic rate constants of changing pH is usually not very precise due to poor constancy of pH with changing buffer concentration. Nevertheless, a significant meaning that these results give us should be related with that the catalytic rate constant (kcat) is combination of catalytic rate constants for general acid catalysis and general base catalysis as following equation;
Where kHA and kB are the catalytic rate constants for general acid and general base of the bifunctional acid and base catalyst, respectively.
One can see that the acidic form is more favorable than the basic form in the catalysis of cacodylate buffer from Figure  3 and Figure 5 . Then, the possible catalyses of the acidic form and the basic form of cacodylate buffer should be described as following;
This result is very characteristic, although, sometimes, the catalysis of bifunctional catalysts has been observed the saturation effect with increasing catalyst concentration. 
Notes
We have determined activation parameters, ∆H ‡ and ∆S ‡ in acidic and basic regions as shown in Table 1 . A large negative value of activation entropy and a small positive value of activation enthalpy are consistent within the range of values expected for the hydrolysis of N-acylimidazole derivatives.
9 Thus, this result supports that this reaction should be proceeded via the tetrahedral intermediate in both acidic and basic regions.
Finally, in this work, we have found that the cacodylate buffer is the most effective catalyst of bifunctional catalysis, whereas acetate, phosphate and imidazole have nearly no effect on the hydrolysis of N-benzoylimidazole derivatives. In addition, the acidic form of bifunctional catalyst, cacodylate, is more sensitive than the basic form in the hydrolysis reaction.
